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Abstract— Recently we have studied the effects of extremely
low frequency pulsed electromagnetic fields (ELF-PEMF) on
the human biosignals. Electrocardiogram (ECG) and electroen-
cephalogram (EEG) of seventeen healthy volunteers before and
after the electromagnetic (EMF) exposure were recorded and
analyzed. The root mean square (RMS) values of the recoded
data were considered as comparison criteria. EEG results were
shown that there were small variations in the brain electrical
activity before and after exposure. The ECG power level was
increased up to 1 % for most of the subjects. In this paper,
we further investigate the effects of the ELF-PEMF on the
ECG signal using the hyperbolic T-distributions (HTD). This
distribution was shown to be suitable for efficient amplitude
and instantaneous frequency (IF) estimation of mono- and
multicomponent FM signals. In this work, we introduce this
distribution to the analysis of ECG signals. The simulation
results show that the HTD have a good performance in the
analysis of the ECG signals comparing with the Choi-Williams
distribution (CWD). Moreover, the results show that there are
small shift in the frequency-domain signal before and after
EMF exposure.
I. INTRODUCTION
Over the past few decades, the beneficial therapeutic
effects of selected low energy, time varying electromagnetic
fields (EMF) have been studied with increasing frequency
to treat therapeutically resistant problems of musculoskeletal
system [1]. Also, the activities of superoxide dismutase,
catalase, and glutathione peroxidase and content of nonpro-
tein thiol groups (reduced glutathione) in blood lymphocytes
from patients with rheumatoid arthritis before and during
bioresonance therapy (BRT) has been studied in [2]. BRT has
been known since the late 1980s but is still poorly studied.
It is the therapy with the patient’s own oscillations or similar
to the body oscillations [3].
Devices that generate EMF are commonly used in sports
medicine where it is often economically advantageous to
return an injured athlete to good health faster. In these appli-
cations clinical devices generating EMFs with fields ranging
from a few µ Tesla to a few milli-Tesla can significantly
shorten the healing time of orthopedic injuries [4]. Modern
therapy devices can broadly be divided into three frequency
bands: radio frequency generators (often operating at 27
MHz) using either capacitive or inductive coupling of the
energy to the tissue, low frequency magnetic field generators
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(1 Hz - 10 Hz) and static magnetic field sources [5]. MEDEC
bioresonance device is an example of the low frequency class
[6].
In the past, ECG signals have been analyzed in either a
time-indexed or spectral form. The fact, is that the ECG
and all other biological signals belong to the family of
multicomponent nonstationary signals. Time-frequency anal-
ysis techniques are used as they reveal the multicomponent
nature of such signals. However, quadratic time-frequency
representations, also known as time-frequency distributions
(TFD’s), of multicomponent signals suffer from the presence
of cross-terms [7]. A subclass of Cohen’s Class of TFD’s,
referred to as the hyperbolic T-distributions (HTD), was
presented in [8], [9] and shown to be suitable for efficient
amplitude and instantaneous frequency (IF) estimation of
multicomponent signals. The hyperbolic time only kernels
have proven to be efficient in reducing cross terms while
retaining high resolution, with a compromise between these
two requirements depending on the selected parameters.
In [10] we investigate the biological effects of the ELF-
PEMF on the human cardiac and brain signals. The t-test
analysis for the EEG bands at the frontal and occipital
lobes was indicated that there were no significant difference
between the root mean square (RMS) values before and
after EMF exposure. In the case of ECG signal, the 95%
confidence interval of the significant result suggested that
there was an increased in mean ECG potential. In this paper,
we further investigate the effects of the ELF-PEMF on the
ECG signal using the time-frequency approach with the
optimal smoothing kernels designed in [8].
II. MATERIALS AND METHODS
This paper studies the effects of the EMF bioresonance
therapy on the human heart signal using the hyperbolic T-
distributions. Experimental setup will be discussed in the
following subsections.
A. Subjects
This study was done on seventeen healthy (age of 20-
35) volunteers. All subjects were hand-right and healthy,
without any medical or psychiatric disorders. They were not
under any medications that may affect the mental and neural
activities.
B. ELF-PEMF Exposure with BRS
In this work we used the MEDEC Bioresonance (Biores-
onance therapy) System (BRS) [10]. This system produces a
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pulsating energy field that stimulates a resonance within the
human body. It induces fine currents within the body that are
very similar to the body’s own currents. It has 28 programs
and 8 intensities. Each program has different frequency. In
this work we selected program 9 and the intensity of 3. The
pulsed EMF fields for the top, middle and bottom coils of
the applicator Mat are 2.33 µ Tesla, 5.235 µ Tesla and 6.45
µ Tesla, respectively with 16 Hz operating frequency. The
duration of this program is 10 minutes.
C. ECG Equipment
In this measurement, Lead-I electrodes was connected to
BIOPAC systems, ECG module. The ECG module (ECG
100C) consists of instrumentation amplifier (IA) and a 50 Hz
notch filter. The IA gain was set to 1000. The ECG data were
recorded by using AcqKnowledge software (v.3.7.1, BIOPAC
Systems, Inc., CA) in ASCII text files and processed by
programs written in Matlab. The sampling rate for ECG was
set to 1000 samples/second.
D. Recording protocols
In this work, Lead-I was considered in ECG recording
[12]. Two stages of recording for this experiment were
considered as follows
1) Before exposure: The subject was asked to relax and
lie down with his eyes open. The duration of the ECG
signal recording was chosen to be 30 seconds.
2) After the exposure: Measurement of thirty seconds
duration for the previous components was taken im-
mediately after the ELF-PEMF exposure. The duration
of the exposure was 10 minutes.
III. TIME-FREQUENCY DISTRIBUTIONS
As mentioned before, a TFD that provides a good re-
duction of the cross-terms is needed to make sure that the
off-diagonal elements of the TFD matrix of the sources are
negligible and so that a diagonal structure can be maintained.
The time-frequency distribution of the analytic signal z(t)
associated with the original real signal s(t) can be expressed
as follows [8]
ρ(t, f) = Fτ→f
[
φ(t, τ) ∗(t) Kz(t, τ)
] (1)
where Kz(t, τ) = z(t + τ2 )z(t − τ2 ) is the instantaneous
autocorrelation product, F is the Fourier transform, and
∗(t) denotes time convolution. The time-lag kernel φ(t, τ)
completely characterizes the TFD [9].
Wigner-Ville distribution (WVD) and Choi-Williams dis-
tribution (CWD) are the most famous TFDs of Cohen’s
Class [13]. Time-only kernels (kernels of the T-distributions)
presented in [8] were shown to be more efficient than their
two dimensional counterparts in Cohen’s Class in terms of
t − f resolution and cross-terms reduction. In this paper,
we consider the hyperbolic T-distributions (HTD) for the
analysis of the ECG signals. The kernel (the hyperbolic time-
only kernel) for this distribution is given by [8]
φ(t, τ) = φα(t) =
kα
cosh2α(t)
(2)
where α is a real positive number and the normal-
ization factor kα =
∫∞
−∞ 1/ cosh
2α(t) dt which equals
Γ(2α)/22α−1Γ2(α), where Γ is the gamma function. Hence,
the TFD of the analytic signal z(t) is given by
ρ(t, f) = Fτ→f
[
kα
cosh2α(t)
∗(t) Kz(t, τ)
]
. (3)
IV. RESULTS AND DISCUSSION
In this section, the results of seventeen subjects artifact-
free Lead-I ECG data were analyzed. These data were
recorded for 30 seconds. Two techniques of analysis were
considered for the ECG data. These techniques are: the time
interval analysis and the time-frequency analysis.
A. Time Intervals Analysis
The time intervals of PR, RT, QT, and RR before and
after exposure were measured and compared (Fig. 1). The
RR interval, the period of rhythmic electrical activity of the
heart, is the reciprocal of heart rate. The rhythmic pacemaker
of the sinoatrial node is principally responsible for the regular
beating of the heart, but the pacemaker action potential,
which occurs near the start of the P-wave, is too small to
be seen in the ECG. The PR interval represents the time for
conduction of electrical activity from atria to ventricles, the
P-wave and Q-wave or R-wave of the ECG indicating the
onset of cardiac-cell depolarization in atria and ventricles,
respectively. The QT interval is an index of the duration of
the ventricular action potential, with the T-wave indicating
ventricular repolarization [11], [14].
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Fig. 1. ECG time intervals measured before and after EMF
exposure.
Fig. 2 shows the deviation for PR, RT, QT and RR ECG
intervals before and after the exposure. From this figure,
we observe that there IS no significants change in most of
these intervals. This indicates that the ELF-PEMF didn’t
significantly affect the electrical activity of cardiac tissue
where these events originated. However, for the RR interval
there is small change which may contribute to the heart rate
value (see Fig. 2).
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Fig. 2. The difference in length for PR, RT, QT and RR intervals,
before and after ELF-PEMF exposure.
B. Time-Frequency Analysis
All ECG signals were down-sampled to 50 sam-
ples/second. The mean of the ECG data was calculated and
then subtracted from the ECG signal in order to remove any
DC offset. Further, 15 seconds ECG signals were converted
by Hilbert transform into their analytical forms and processed
using T-distributions. In all numerical simulation, we set the
value of α = 0.05 for the HTD.
For space limitations, we do not show the time-frequency
distributions of all subjects. Based on Fig. 2, we will provide
the time-frequency analysis for subjects 1, 5 and 12. Other
subjects’ analysis results observed the same results as in
the previous subjects (frequency-shift before and after EMF
exposure).
Figs. 3, 5 and 7 show the time-frequency distribution of
the ECG signals for subject 1, 5, and 12, respectively. While,
Figs. 4, 6 and 8 show the frequency components of the ECG
signals for subject 1, 5, and 12 at the time instants t = 10
seconds, respectively. From these figures we observe that
there is small shift in the frequency-domain signal before
and after EMF exposure. This can be clearly observed and
related to Fig. 2, where the interval RR was experienced
small change.
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Fig. 3. Hyperbolic T-distribution of the ECG signal for subject-
1 (with α = 0.05, sampling frequency = 50 samples/second, and
signal length = 750 samples).
Fig. 9 shows a comparison between the CWD and the
HTD as related to resolution and cross-term reduction at the
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
−0.03
−0.02
−0.01
0
0.01
0.02
0.03
0.04
0.05
0.06
0.07
 normalized frequency
 
Ma
gn
itu
de
Before EMF Exposure
After EMF Exposure
Fig. 4. Frequency components of the ECG signal for subject-1 at
the time instants t = 10 seconds.
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Fig. 5. Hyperbolic T-distribution of the ECG signal for subject-
5 (with α = 0.05, sampling frequency = 50 samples/second, and
signal length = 750 samples).
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Fig. 6. Frequency components of the ECG signal for subject-5 at
the time instants t = 10 seconds.
time count n = 500 (time instants t = 10 seconds) for
subject 12 after the EMF exposure.
V. CONCLUSION
This paper provide a further investigation to the effects of
the ELF-PEMF on the ECG signal using the hyperbolic T-
distributions. The MEDEC Bioresonance therapeutic system
was used to generate the ELF-PEMF. In the ECG time inter-
val analysis, the results showed that there is small change in
the RR interval. However, there are no significants change for
other intervals. This indicates that the only interval affected
by the EMF exposure on the heart activity is the RR interval
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Fig. 7. Hyperbolic T-distribution of the ECG signal for subject-
12 (with α = 0.05, sampling frequency = 50 samples/second, and
signal length = 750 samples).
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Fig. 8. Frequency components of the ECG signal for subject-1 at
the time instants t = 10 seconds.
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Fig. 9. Comparison between the CWD and the HTD as related
to resolution and cross-term reduction at the time count n = 500
for subject 12 after the EMF exposure (with α = 0.05 for HTD,
α = 19 for CWD, sampling frequency = 50 samples/second, and
signal length = 750 samples).
(the reciprocal of heart rate). In the time-frequency analysis,
the results show that there is small shift in the frequency-
domain signal before and after EMF exposure. This is due
to the variation that was occurred in the RR interval.
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